Background--South Asians have a relatively high prevalence of coronary artery calcium (CAC) compared with other race/ethnic groups. We determined CAC incidence and progression among South Asians, and compared them with 4 race/ethnic groups.
S
outh Asians have a higher risk of myocardial infarction 1, 2 and higher proportionate mortality from cardiovascular disease compared with most other race/ethnic groups in the United States. 3, 4 A recent American Heart Association review of South Asians concluded that a majority of the atherosclerotic cardiovascular disease risk can be explained by the increased prevalence of known risk factors, and that no unique risk factors have been found in this population. 5 Yet the fact remains that there are high atherosclerotic cardiovascular disease event rates in South Asians, and there are few prospective cohort studies in the world that have focused on determining the risk factors associated with atherosclerotic cardiovascular disease. Coronary artery calcification (CAC) is a novel risk marker and independent predictor of atherosclerotic cardiovascular disease in whites and other US race/ethnic groups. 6, 7 Moreover, the progression of CAC measured by serial computed tomography (CT) scans has also been independently associated with incident heart disease and mortality in US populations. [8] [9] [10] CAC burden differs among different race/ ethnic groups with whites having higher CAC prevalence and progression than blacks, Latinos, and Chinese Americans in the MESA (Multi-Ethnic Study of Atherosclerosis) [11] [12] [13] and in other samples. 14, 15 However, no studies have conducted repeat CAC measurements in South Asians to determine the incidence and progression of CAC. We have been studying the prevalence and progression of subclinical atherosclerosis among South Asians in the MASALA (Mediators of Atherosclerosis in South Asians Living in America) study. 16 In analyses of baseline data, we found that South Asian men had similar CAC prevalence compared with white men but higher CAC prevalence than the other 3 race/ethnic minority men in MESA, while South Asian women had similar CAC prevalence as all women in MESA. 17 In the present study, we used data from the second MASALA examination to determine the overall incidence and progression of CAC among South Asians and the covariates associated with any change in CAC in this ethnic group. In an age-restricted sample, we compared the annual age-adjusted incidence and progression of CAC among South Asian men and women with that of the 4 race/ethnic groups in MESA and determined whether adjustment for traditional cardiovascular risk factors attenuated any race/ ethnic differences in CAC change.
Methods
The data that support the findings of this study are available from the corresponding author upon reasonable request. The MASALA study is a community-based prospective cohort of South Asian men and women from 2 clinical sites (San Francisco Bay Area at the University of California, San Francisco and the greater Chicago area at Northwestern University). The baseline examination was conducted from October 2010 through March 2013, and a total of 906 participants were enrolled. Study recruitment, eligibility criteria, and procedures and tests have been reported previously. 16 Briefly, to be eligible for MASALA, participants had to be between ages 40 to 84 years, have South Asian ancestry, and be able to speak, read, and write in English, Hindi, or Urdu. We created MASALA to be parallel in methods and measures to the MESA to compare South Asians with 4 different US race/ethnic groups, using identical exclusion criteria. 16, 18 All surviving cohort participants were invited for the second clinical examination during September 2015 through March 2018 and 749 (83%) participants completed this examination. The institutional review boards of University of California, San Francisco and Northwestern University approved the protocol, and all participants gave written informed consent.
Trained, bilingual research coordinators conducted both examination visits. We obtained data on sociodemographic information, tobacco and alcohol use, physical activity, 19 and medication use at both examinations. Seated blood pressure was measured 3 times using an automated blood pressure monitor and the average of the last 2 readings was used for analysis. Hypertension was defined as self-reported treatment for hypertension or a systolic blood pressure ≥140 mm Hg or diastolic blood pressure ≥90 mm Hg. Participant weight was measured on a digital weighing scale and height using a stadiometer. Waist circumference was measured using a flexible tape measure tape at the site of maximum circumference midway between the lower ribs and the anterior superior iliac spine. Fasting blood tests were obtained after a 12-hour fast. Fasting plasma glucose was measured by the hexokinase method; total cholesterol, triglycerides, and highdensity lipoprotein cholesterol were measured by enzymatic methods (Quest, San Jose, CA) and low-density lipoprotein cholesterol was calculated. 20 Diabetes mellitus was defined if a participant was using a glucose-lowering medication or had a fasting plasma glucose ≥126 mg/dL. 21 At examination 1, we measured ectopic fat depots from abdominal and cardiac CT scans using standardized protocols. For the abdominal measurements of visceral fat area, a trained radiology technician used a lateral scout image of the spine to establish the correct position (between the L4 and L5 vertebrae) as previously reported. 22, 23 We used the cardiac CT images to measure pericardial fat volume and hepatic fat attenuation. 23 
CAC Measurements
Cardiac-gated CT scans were performed at both clinical examinations using CT scanners as previously described. 16 Participants were in a supine position and a scout image was taken to determine the level of the carina. Scanning was performed from superior to inferior, and a total of 46 images were obtained. All CT scans were sent to the Reading Center at the Los Angeles Biomedical Research Center, Torrance, CA, where they were read with Rephot Imaging software according to published methods. 24 Agatston scores were reported for each of the 4 major coronary arteries and the sum of the unadjusted score was used. A total of 701 participants had CAC scores from both examination 1 and 2. We excluded 3 participants who had prevalent heart disease at examination 1, resulting in 698 MASALA participants included in this analysis.
MESA Methods
MESA is a longitudinal cohort of 6814 community-dwelling participants from 4 different race/ethnic groups recruited from 6 different clinical centers that has determined the
Clinical Perspective
What Is New?
• South Asian men had higher incidence and progression of coronary artery calcium (CAC) than South Asian women.
• After accounting for other risk factors for cardiovascular disease, South Asian men had greater change in CAC compared with men from other ethnic minority groups (blacks, Latinos, and Chinese Americans), but similar change in CAC compared with white men.
What Are the Clinical Implications?
• The relatively high burden of CAC and change in CAC among South Asian men may be an important prognostic marker of cardiovascular disease.
prevalence and progression of subclinical atherosclerosis. 18 The eligibility criteria required no prior history of cardiovascular disease, and age between 45 and 84 years at baseline. 18 Identical questionnaires and procedures for anthropometric, blood pressure, and laboratory measurements were used in MESA as described above for MASALA. CAC was measured at examination 1 and follow-up CAC measurements were performed on approximately half the cohort at examination 2 (n=2953) and the other half of the cohort at examination 3 (n=2806). 13, 25 Both MESA and MASALA used the same cardiac CT reading center, and all images were interpreted at the Los Angeles Biomedical Research Center for measurements of CAC. We used total Agatston scores for CAC measures from both studies, without phantom adjustment.
For our comparison of the 2 study populations, we used data from the MASALA study participants in the age range represented in the MESA study (ages 45-84 years) at baseline, and only include participants from both studies who had a repeat CAC measurement, and no prevalent cardiovascular disease.
Statistical Analyses
We classified incident CAC as any CAC at examination 2 (or examination 3 in MESA) in a participant who had no CAC at examination 1, then calculated age-adjusted incidence rates for any new CAC per 100 person-years. We also examined annualized change in CAC among those with any CAC at examination 1, again adjusting for age. All analyses were stratified by sex.
We determined which traditional, metabolic, and ectopic fat measurements were associated with CAC progression within the MASALA population. We modeled CAC change using data from the entire cohort including those with zero Continued CAC scores at examination 1. We coded 13 participants with negative change scores as having no CAC change, and logtransformed change in CAC+1. We used linear regression models both for univariate analyses and for a multivariable model including variables selected a priori (age, sex, and current smoking) from selected groups (lipids, blood pressure, diabetes mellitus, body composition, behaviors, and medications used). We compared the incidence of new CAC and progression of CAC among the South Asian men and women with the 4 race/ethnic groups in MESA, adjusting for age. In a subgroup analysis of incident CAC and CAC progression among men, we excluded all participants who were using statins. We also created linear models for log annualized change in CAC to compare the South Asian men (reference group) with men in the 4 race/ethnic groups in MESA. We adjusted these models for age (linear and nonlinear), hypertension, diabetes mellitus, and statin medication use.
We used SAS, version 9.3 (SAS Institute) and STATA 15.1 (College Station, TX) for our analyses.
Results
There were 698 MASALA study participants (57% men) without any prevalent cardiovascular disease who had a repeat cardiac CT scan at examination 2, after %4.8AE0.8 years of follow-up. Characteristics of the MASALA study population at examination 1 and 2 are shown in Table 1 . Men were older, more likely to smoke and drink alcohol, and had a worse risk factor profile than women. Both men and women experienced significant increases in body mass index, waist circumference, systolic and diastolic blood pressure, and fasting glucose levels between examination 1 and examination 2. Approximately 72 (41%) men and 37 (16%) women with no detectable CAC at examination 1 developed incident CAC, with an age-adjusted annual incidence rate of 8.8% (6.8-10.8%) in men and 3.6% (2.5-4.8%) in women. Among the 290 participants who had CAC detected at examination 1, the median annual CAC progression was 26 (interquartile range 11-62) for South Asian men and 13 (interquartile range 4-34) for women. Several baseline covariates including age, sex, smoking, alcohol intake, family history of heart disease, hypertension and statin medication use, glucose tolerance status, and many adiposity measures were univariately associated with log annualized change in CAC (Table 2 ). In a prespecified multivariable model, only older age, male sex, current smoking, statin use, hypertension medication use, and diabetes mellitus remained significantly associated with any change in CAC.
After excluding 75 MASALA participants who were younger than age 45 years at baseline, we compared baseline characteristics with the 5759 MESA participants (Table S1 ). The MASALA study population was younger, had more men, fewer current smokers, the lowest exercise levels and highest diabetes mellitus prevalence, and more statin use. Of the 2926 MESA participants with undetectable CAC at baseline, 484 (16.5%) developed incident CAC after an overall 2.4AE0.8 years of follow-up. After adjusting for age, there was a trend of a higher incidence of CAC among South Asian men and white men compared with the other MESA groups (Figure) . South Asian men had a significantly higher incidence of CAC only compared with Chinese men. After excluding all statin users, the age-adjusted incidence of any new CAC was 10.1% (6.3-13.9%) among South Asian men, which was significantly higher than Chinese men (5.1%, 2.7-7.6%, P=0.03).
Among men, CAC progression in those with prevalent CAC at baseline was significantly higher among South Asians than each MESA group (Table 3) . Even after excluding participants from both studies who were using statins at the follow-up examination, South Asian men had significantly faster CAC progression than men in all 4 MESA race/ethnic groups. There were no race/ ethnic differences in CAC progression among women.
Finally, we created a linear model to determine whether the difference in any CAC change between South Asian men and MESA male participants could be explained by traditional cardiovascular risk factors. After adjusting for age, current smoking, hypertension, diabetes mellitus, and statin use, there was no difference between South Asian men and white men for any CAC change, but the other ethnic minority groups in MESA had significantly less CAC change than South Asian men (Table 4) . Adding baseline measures of CAC to the model did not materially change these results.
Discussion
In this community-based sample of South Asians in the United States followed for %5 years, South Asian men had higher incidence and progression of CAC compared with South Asian women, and traditional cardiovascular risk factors were associated with change in CAC among South Asians. South Asian men had greater annual CAC progression compared with men in MESA from all 4 race/ethnic groups. However, after controlling for traditional cardiovascular risk factors, South Asian men had similar annual rates of change in CAC as white men, but significantly higher rates than black, Latino, and Chinese American men. There were no differences in CAC incidence or progression between South Asian women and MESA women. We previously reported that South Asian men had similar CAC prevalence compared with white men, 17 confirming results from a prior study from a referral population in the United States 26 and in a population-based study from the United Kingdom. 27 We also found that South Asian men had significantly higher CAC prevalence compared with black, Latino, and Chinese American men after adjusting for traditional cardiovascular disease risk factors. 17 The current study furthers this line of evidence that South Asian men have similar rates of incident CAC and progression of CAC as compared with white men and higher rates of CAC progression than other race/ethnic minority groups in the United States. We are unaware of any prior studies that have studied incident CAC or CAC progression in South Asian men or women. Comparing change in CAC across different studies with different populations is challenging because of the differing methods of analysis that have been used. 13 We were able to compare South Asians directly to the 4 race/ethnic groups in MESA using total CAC scores from sequential study visits in both cohorts, with identical CAC measurement protocols and reading centers used in both studies. However, the mean time between the baseline and second CT scan was longer for the MASALA participants (4.8 years) compared with the MESA participants (2.4 years). We did not use data from examination 4 or 5 in MESA because of fewer participants in each race/ethnic group with CAC results, and to avoid possible bias with healthier participants who had these follow-up scans. 25 Additionally, MESA participants were on average 4 years older than MASALA participants (62 years in MESA versus 58 years in MASALA). To control for these differences, we age-adjusted our comparisons, calculated annualized rates of incident CAC and CAC progression, and included log followup time in the linear models. While incident CAC appears to have a linear relationship with age, 13 CAC progression may increase nonlinearly. We modeled relative change using a logarithmic transformation of annual change in CAC plus a constant, a method less susceptible to influence by outliers. Further adjustment for diabetes mellitus and hypertension attenuated the difference for the relative change in CAC in South Asians compared with white men, but the differences between South Asian men and other ethnic minority men remained significant. Further adjusting for baseline CAC scores, which are known to be higher among South Asians than ethnic minorities in MESA, did not alter these findings.
Investigators have previously reported that the white men in MESA had greater incident CAC and CAC progression compared with the 3 race/ethnic minority groups after full adjustment for other baseline risk factors. 13 A study in active duty soldiers confirmed that black men have lower CAC prevalence than white men, but they had similar CAC progression after adjusting for risk factors. 15 The ERA JUMP (Japanese and US Men in the Post World War II Birth Cohort) study comparing third and fourth generation Japanese American men with white men found somewhat similar results to our findings; in unadjusted analyses, Japanese American men had greater CAC progression than white men, which was attenuated with risk factor adjustment. 28 We examined an array of sociodemographic, behavioral, body composition, novel biomarkers, and clinical risk factors for associations, but found that they were not independently associated with change in CAC. Longer duration of residence in the United States, smoking, and higher alcohol consumption were all associated with greater CAC change, while higher family income was associated with lower CAC change, and exercise and total caloric intake had no association. Greater visceral fat and pericardial fat volume were associated with greater CAC change while higher liver fat attenuation was inversely associated. Both high-sensitivity C-reactive protein and lipoprotein (a) were not associated with change in CAC. However, after adjusting for traditional cardiovascular risk factors in our a priori model, all of these other sociodemographic, behavioral, and body composition factors were no longer associated with any CAC change. Short-term 13 and longer-term follow-up 25 of MESA also found similar independent associations between traditional risk factors and CAC progression. CAC burden and CAC progression have both been shown to be independent predictors of incident coronary heart disease events in all 4 of the MESA race/ethnic groups. 7, 10 While no studies to date have determined whether CAC burden or progression independently predicts cardiovascular disease events in South Asians, our findings of the relatively high CAC burden and progression suggest that CAC will be an important predictor of future events. South Asians have been acknowledged to be a particularly high-risk ethnic population with higher proportionate mortality from ischemic heart disease 4,5 and higher myocardial infarction risk 1,2 than other race/ethnic groups. CAC presence and change may be useful for risk prediction in this ethnic population, and may better guide the judicious use of statin and other preventive therapies. Longitudinal follow-up of events in MASALA will determine whether CAC measures improve discrimination and prediction of cardiovascular disease compared with traditional risk factors. A limitation of the MASALA study is the relatively small cohort size, which is drawn from only 2 geographic centers in the United States. Moreover, a majority of MASALA participants are first-generation immigrants, mostly from India, with high socioeconomic attainment, which limits the generalizability of these findings to all South Asians in the United States and globally. Additionally, since we excluded participants with any existing cardiovascular disease from this cohort, South Asians in MASALA are relatively healthier than those from the same demographic group in the United States. The sample limitations for MASALA imply that our findings may represent a healthy proportion of South Asians, and the results may be significantly worse in a more general South Asian population.
South Asian men have greater change in CAC than Chinese, black, and Latino men but similar CAC change compared with white men after adjusting for traditional cardiovascular risk factors. There were no differences in CAC incidence or progression among South Asian women compared with the 4 race/ethnic groups of women in MESA. Prospective follow-up of the MASALA cohort will determine whether CAC burden and/or progression will provide independent prognostic information for cardiovascular disease events.
